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Vectorized ferrocenes and titanocenes with biologically active steroids Enrique Meléndez, José Vera, Xiomara Narváez, José Carmona, Li Ming Gao Department of Chemistry, University of Puerto Rico, Department of Chemistry Box 9019 Mayagüez, 00681, Puerto Rico A series of functionalized ferrocenes and titanocenes with estrogens and androgens vectors were synthesized and characterized by spectroscopic methods. Functionalized metallocenes with hormones as pendant groups (substitution on the Cp rings) is expected to enhance the selectivity to target more effectively hormone dependent cancers. We have selected these steroids as molecular carriers (vectors) to specifically deliver and accumulate the anticancer drug into the target organs (breast, ovarian and prostate). The antiproliferative activity of these metallocenes was initially studied on hormone dependent breast cancer cell line MCF-7 and colon cancer cell line HT-29. Some of these vectorized metallocenes showed enhanced antiproliferative activity on MCF-7 cell line. Docking studies on the estrogen receptor alpha suggest that ferrocenoyl 17b-hydroxyestra-1,3,5(10)-trien-3-olate (estradiol ferrocenoylate) docks into the estrogen binding pocket and this explain the high activity this complex has on MCF-7. On the other hand, 16-ferrocenylidene-3b-hydroxy androstan-17-one showed high antiproliferative activity on MCF-7 but it seems to follow a different mechanism of action compared to the estradiol derivative.
Financial supports by the University of Puerto Rico and the National Institute of Health are gratefully acknowledged. Department of Chemistry, University of Cape Town (UCT), Cape town, South Africa. admmun005@myuct.ac.za. 2 Institute of Infectious Disease and Molecular Medicine, UCT, cape town, South Africa. 3 Division of Clinical Pharmacology, UCT, Medical School, South Africa Parasitic diseases are rife in developing regions where the climate provides suitable conditions for replication and transmission. Malaria (an infectious disease) and trichomoniasis (a common STD) have become problematic due to the emergence of treatment-resistant strains. [1, 2] Metals are recognised for their medicinal properties and have been introduced into organic systems with the idea that they may either aid with transportation into, or accumulation of the compound within, the active site. Metal ions allow for the addition of ancillary ligands which may lend properties such as lipophilicity or hydrophilicity to the complex as a whole. Therefore, the promising effects displayed by metal complexes in the treatment of parasitic diseases [e.g. Ferroquine (malaria)] motivated research into designing other metal-containing systems as potential treatments. Thiosemicarbazones (TSC's), known for a range of pharmacological properties (e.g. antiparasitic), are metal chelating ligands that have been studied in our group [3] . Organosilane compounds are also of interest as they generally exhibit enhanced pharmacological activity when compared with their non-silicon counterparts [4] . Therefore, in this study TSC's were combined with an organosilane moiety to explore compounds with increased potency and decreased susceptibility to resistant strains. In this presentation, the synthesis of organosilane TSC's and their complexes will be discussed, as well as their evaluation against plasmodium falciparum and trichomonas vaginalis. Chlorophyll breakdown is easily seen in fall leaves and in ripening fruit by their characteristic colour changes [1] . In senescent leaves, colourless, 'nonfluorescent' bilane-type catabolites typically accumulate, classified as NCCs and DNCCs [2] . NCCs were considered to represent the 'final' tetrapyrrolic products of chlorophyll breakdown [3] . These 'late' forms of chlorophyll catabolites accumulate in the vacuoles [3] . Recently, some colored chlorophyll catabolites were also discovered, named yellow chlorophyll catabolites (YCCs) and pink chlorophyll catabolites (PiCCs) [4] . Accumulation of heavy metals, such as Zn, Cd, Ni, Cu, Hg, has been detected in plants [5, 6] [1] targeting the endosomal/lysosomal system. The aim of this study is developing a new class of fluorescence sensors based on the combination of dithiolene ligands, which are frequently used in oxidoreductase model complexes [2] , with electron deficient fluorophores. The dithiolene ligands are particularly good in establishing a connection between a coordinated metal and a fluorophore since the bis-thiol group has a high affinity for heavy metals and in addition has a non-innocence character (i.e. the ability to directly participate in redox reactions and to buffer high oxidation states of the coordinated metal). Based on this receptor design approach, we have developed a fluorophore-spacer-receptor system by using namely three types of spacer between dithiolene and fluorophore: peptide bond, diimide bond and triazole ring that show fluorescence enhancement/ quenching in the presence of metal ions since the thiol group has a high affinity for heavy metals and due to its non-innocence character The resulting ligand systems have been tested with respect to their coordination behavior towards different metals (Cu, Fe, Mo, W, Hg, As, Cd), which are known to be easily coordinated by dithiolenes to evaluate their possible use as markers/sensors for these biological or toxic metals. In recent years, ruthenium-based molecules have emerged as promising antitumor and antimetastatic agents with potential uses in platinum-resistant tumours [1, 2] . Properties that make these complexes theoretically suitable for medicinal use are their slow ligand exchange kinetics, access to multiple oxidation states, and the ability to mimic iron in binding to certain biological molecules and hence accessible transport inside the cell.
A series of half-sandwich ruthenium(II) complexes containing
-butanedionate ligands have been synthesized and completely characterized. Some of these coordination compounds have already shown good catalytic properties for ortho arylation via C-H activation of 2-phenylpyridine molecule [3] . The whole series of compounds was tested for activity towards several cancer cell lines and uncovered particular sensitivity of an ovarian carcinoma and an osteosarcoma cell model. Some interesting structure-activity relations were observed leading to preferential cytostatic or apoptosis-inducing activities. These data might help to create more suitable ruthenium anticancer complex for the treatment of this deadly disease.
Financial support by junior researcher grant for S.S. and the project J1-4131 of the Slovenian Research Agency (ARRS). We thank the EN?FIST Centre of Excellence, Dunajska 156, 1000 Ljubljana, Slovenia, for use of the SuperNova diffractometer. The study was supported by COST action CM1105. P 269 DNA-based catalytic cyclopropanation in water Ana Rioz-Martínez, Jens Oelerich, Gerard Roelfes Department of Chemistry, Stratingh Institute for chemistry, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands. A.rioz@rug.nl DNA-based asymmetric catalysis represents a powerful tool for the preparation of chiral compounds in water [1] . This novel concept is based on the use of hybrid catalysts, which comprise a transition metal complex (a metal ion coordinated to a non-chiral ligand which is able to bind to DNA) bound to DNA. In this way, the reaction occurs in close proximity to the DNA, allowing chirality transfer and subsequent formation of one of the enantiomers of the reaction product [2] . These hybrid catalysts have been exploited in many Lewis acid catalytic enantioselective reactions, such as Diels-Alder, (oxa)-Michael addition, Friedel-Crafts, syn-hydration of enones and fluorinations [1] . Recently, the catalytic scope of DNA-based asymmetric catalysis has been expanded beyond Lewis acid catalysis when it was applied successfully in a Cu(I) catalysed intramolecular cyclopropanation of a-diazo-b-keto sulfones [3] . Up to now, all the examples of DNA-based catalysis described use copper complexes in combination with DNA. However, alternative metal catalysts can be used as well. Cationic porphyrins (e.g., meso-tetrakis-(N-methyl-4-pyridyl)-porphyrin (TMpyP4)), are well known ligands that can bind through p-stacking and electrostatic interactions to DNA. Especially the interactions of these porphyrins with G-quadruplexes have been described [4] . Expanding the scope of DNA-based asymmetric catalysis to other reactions, substrates and novel hybrid catalysts are crucial challenges in our research. Here, we propose the DNA-based catalytic cyclopropanation in water catalysed by iron porphyrin/salmon testes DNA hybrids.
Financial support by the Ramón Areces Foundation is gratefully acknowledged. gold(I) containing compounds inhibit TxrR in vitro, due to the high affinity of gold to selenocysteine moieties. A well-known drug is auranofin, which is established in the current antirheumatic therapy, shows antiproliferative effects and a remarkable TxrR inhibition [1] [2] [3] [4] [5] . New halogenated mono-and bis-NHC-gold(I)-complexes of the imidazole-, benzimidazole-or phenylimidazole-type were synthesized, purified and characterized. Afterwards they were tested against tumorigenic HT-29 colon carcinoma cells, MCF-7 breast carcinoma cells, MDA-MB-231 breast carcinoma cells and nontumorigenic RC-124 human kidney cells. They all showed cell growth inhibition with IC 50 values in the submicromolar range. Especially the activities of the bis-NHC-complexes were comparable to auranofin.
The potency of TxrR inhibition of these gold(I) derivatives were determined and cell uptake studies were performed using high resolution continuum source atomic absorption spectroscopy for the quantification of the intracellular amount.
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Synthesis, characterization and cytotoxicity of (g 6 -p cymene) ruthenium(II) complexes of a-amino acids Folake A. Carbon monoxide has come a long way from just being considered as a silent killer and an environmental pollutant to an important molecular messenger involved in several physiological processes. Recently, important progress has been made towards developing photoactive COreleasing moieties (PhotoCORMs) for possible therapeutic applications [1] . Here, the synthesis and characterization of new rhenium tricarbonyl diimine complexes of the type fac-Re(1,2-diimine)(CO) 3 Cl, carrying bis-(phenylimino)acenaphtene ligands (BIAN) 1-3 is reported [2] . Among these novel complexes, a special focus will be given to the deeply coloured water-soluble organometallic rhenium(I) derivative 3, which offers highly desirable features for potential biomedical and catalytic applications such as light-controlled release of carbon monoxide (PhotoCORMs) [3] , and homogeneous photocatalytic CO 2 reduction.
CO liberated from the irradiated solutions of CORMs 1-3 has been quantified in the headspace gas using FTIR and GC analysis. complexes [1, 2] . However, the existing strategy centred on platinum(IV) complexes with symmetrical axial ligands does not fully exploit the vast potential of this class of prodrugs. We therefore adapted this strategy to access asymmetric Pt(IV) complexes with contrasting axial ligands through sequential acylation. By modifying the characteristics of each of the axial ligand, it is now feasible to control the physical and chemical properties of resultant platinum(IV) prodrug complex [3] . To that end, we report a library of finely-tuned asymmetric platinum(IV) complexes and their efficacy against a panel of human cancer cell lines in vitro.
Financial support by the National University of Singapore and Solvay Singapore is gratefully acknowledged.
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Copper, zinc, and lead solubilization from foundry sand and uptake by Penicillium expansum Carlotta Fabbri, Helmut Brandl Institute of Evolutionary Biology and Environmental Studies, University of Zurich, Winter-thurerstrasse 190, 8057 Zurich, Switzerland In nature, microorganisms can act geological agents and, therefore, mediate biogeochemical processes such as e.g., metal solubilization from solid matrices (minerals, rocks, ores), metal speciation as well as immobilization. Generally, microbes are able to mobilize metals from solids by the formation of acids (protons), by oxidation and reduction reactions; and by the excretion of complexing agents or ligands [1] . In the present work, a fungal strain (Penicillium expansum) has been investigated for its ability of Cu, Zn, and Pb solubilization from a solid matrix (foundry sand) through the formation of organic acids and its subsequent accumulation in the fungal mycelium. The fungus was grown at 25°C for up to 2 months in Petri dishes filled with potato-dextrose agar medium enriched. Metal-containing foundry sand containing mainly (in g/kg) Al (31.4), Cu (5.6), Pb (1), Sn (0.3), Zn (5.3) was added at final concentration of 30 g/L during the preparation of the Petri dishes. After cultivation and mycelial growth, the biomass was digested using nitric acid and hydrogen peroxide followed by total metal content analysis by atomic absorption spectroscopy. P. expansum was able to solubilize and accumulate Cu from foundry sand at a recovery rate of 65 % assuming a efficient metal accessibility. In contrast, Zn-besides Cu also an essential metal for fungal metabolism-showed a much lower accumulation compared to Cu (maximum recovery B20 %. Pb-as non-essential metal in the metabolism of fungi-was accumulated from foundry sand at high percentage (60 %) by P. expansum. Our results show the potential of P. expansum in effectively mobilizing Cu and Pb, which might be of future importance considering the recovery of valuable metals from solid wastes for a recycling and re-use as secondary resource.
Financial support by the University of Zurich through the ''Forschungskredit'' gratefully acknowledged. Mexico. ronan@unam.mx Our group has been studying the interactions between group 8 metals and oxidoreductases, with a special emphasis on bio-sensing applications [1, 2] . In particular, we have prepared series of structurally similar complexes of the general formula
0 -bipyridine; x = 0-3), covering almost a 2 V potential range. The effects of the successive replacement of nitrogen atoms by r-bound sp 2 carbon atoms on the reactivity towards redox-active enzymes have been explored. For instance, we found that, depending on their oxidation state and reduction potentials, the complexes can act as competitive and non-competitive inhibitors or activator of glucose oxidase from Aspergillus niger [3] . On the other hand, the secondorder rate constants for the one-electron transfer between the organometallic species and compounds I and II of horseradish peroxidase have been evaluated, and have also been found to greatly depend on the reduction potentials of the complexes. Finally, theoretical docking simulations have been performed in order to get a better understanding of the systems [4] .
Financial support by DGAPA (PAPIIT Project IN204812) and CONACyT (Project 153151) is gratefully acknowledged. In addition, they are also found in many other heme proteins, such as reduced cytochrome P450, chloroperoxidase, and horseradish peroxidase. Interaction of dioxygen with them leads to the formation of 6-coordinate oxygen complexes which represent the models of oxyhemoglobin and oxymyoglobin. The NO dioxygenation reaction promoted by oxyhemoglobin and oxymyoglobin is considered as a major pathway leading to the scavenging of the bioregulatory molecule nitric oxide in mammalian systems [1] .
In this presentation we show that co-condensation of Fe-porphyrins and 1-MeIm onto a low temperature substrate makes it possible to construct a system mimicking the active center of deoxyhemoglobin and deoxymyoglobin, which has a proximal 1-methyl imidazole ligand Fe(Por)(1-MeIm) (Por-meso-tetraphenyl-and meso-tetra-ptolyl-porphyrinatodianions). The interaction of this system with O 2 at low temperatures leads to the formation of 6-coordinate Fe(Por)(1-MeIm)(O 2 ) complexes (Scheme).
We then monitored the interactions of these dioxygen complexes with NO while warming up the layered solids from LN 2 temperature to RT. FTIR spectral measurements, supported by using It will also be demonstrated that the further transformations of this system upon warming depends on the experimental conditions.
The financial support of NFSAT (Project YSSP 13-48) is gratefully acknowledged. [1, 4] -Naphthoquinones are known to be enzyme inhibitors and show antibacterial, anticancer, anti-proliferative and anti-inflammatory activity. The mode of action imparted by [1, 4] -naphthoquinones mostly relies on their ability to accept one or two electrons to form radical anion species. The presence of electron-donating or -accepting substituents modulates the redox properties, which enables the compound to generate radicals such as hydrogen peroxide or superoxide that can cause damage of cancer cells (reactive oxygen species, ROS) [2] . The coordination of [1, 4] -naphthoquinone derivatives to organometallic ruthenium and osmium moieties leads to complexes of the well-known ''piano-stool'' configuration. Important characteristics such as anticancer activities, pharmacological properties, cellular uptake and biomolecule interactions can be fine-tuned due to the structural diversity and especially the substitution options in position 3. The impact of the modification at position 3 on the redox behavior of the corresponding complexes was investigated by cyclic voltammetry measurements and preliminary biological results will be discussed.
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New vanadium complexes as optical probes to detect Cys sulfenic modifications in PTEN Agostino Cilibrizzi, Juliet Collins, Rudiger Woscholski, Robin Leatherbarrow, Ramon Vilar Institute of Chemical Biology, Department of Chemistry, Imperial College London, Exhibition Road, London SW7 2AZ, UK. a.cilibrizzi@imperial.ac.uk Over the past few decades, a large number of proteins and enzymes have been identified wherein chemoselective oxidation of cysteine residues by reactive oxygen species (ROS) acts as a mechanism to alter or regulate normal cellular functions [1] . Generally, sulfenic acid (SOH) formation is the first event in the oxidative process and it has been widely reported as an important post-translational modification (PTM) found in several oxidative stress-related diseases, such as cancer and neurodegenerative disorders [2] . Phosphatase and tensin homologue deleted on chromosome 10 (PTEN) is a member of the protein tyrosine phosphatase family known as an important tumor suppressor whose function includes significant roles in oxidative damage-associated pathologies [3] . According to recent studies, the switch-off nature of SOH modification functions as a reversible means to regulate PTEN function as well as a marker of initial protein damage. In this scenario, chemical probes for SOH detection could represent promising new tools for elucidating PTEN signaling pathways and regulatory mechanisms that involve thiol oxidation and redox regulation. This evidence led us to design, synthesize, and biologically evaluate a new series of vanadium complexes as optical probes towards modified PTEN (i.e. its sulfenic acid form), with the ultimate aim to detect and optically visualize the SOH oxidative modification on this enzyme by fluorescence methods. In previous studies we identified VO-OHpic, a vanadyl complex which displays remarkable affinity for PTEN inhibiting its activity in a dose dependent manner [4] . Thus, we have worked towards modifying VOOHpic by the introduction of coumarin-or naphthalenesulfonic-based fluorophores and dimedone (5,5-dimethyl-1,3-cyclohexane-dione) moiety, a cyclic ß-diketone which selectively reacts with sulfenic acids [1] , in order to reach both optical visualization and SOH detection of oxidativeliy-damaged PTEN. Combining the three targeting modules (VO-OHpic + dimedone + fluorophore), a library of novel 'bridged-bipicolinic vanadyl complexes' has been synthesized and its biological evaluation is ongoing to confirm the success of our targeting strategy for the development of new complexes as versatile tools to be easily modified for structure-activity relationship (SAR) analysis towards PTEN sulfenic oxidative damage investigation. Financial support by the EPSRC (UK) through the Proxomics Project (http://www.proxomics.ac.uk/) is gratefully acknowledged.
extended Cp X rings. Mechanistic studies suggested a catalytic cycle similar to that proposed for the Ru(II) arene analogues.
